We report the results of 3D spectroscopic observations of Mrk 493 (NLS1 galaxy) with the integral-field spectrograph MPFS of the SAO RAS 6-m telescope. The difference in the slope of the optical continuum emission intensity across the nucleus part and an extensive continuum emission region is detected. 
Introduction
Mrk 493, a narrow-line Seyfert 1 galaxy (NLS1), is known as an Active Galactic Nucleus with a strong Fe II emission Pogge 1985, Crenshaw et al. 1991) .
NLS1s have been recognized as a distinct type of Seyfert nuclei. The optical emission-line properties of NLS1s can be summarized as (e.g., Osterbrock & Pogge 1985 , Komossa 2008 generally not in Sy 2's. Moreover, the X-ray spectra of NLS1's are very steep (e.g. Boller et al. 1996 ) and highly variable (Boller et al. 1996; Leighly 1999a; Gliozzi et al. 2007 ). Also, it was found that NLS1s have less massive black hole masses than Sy 1s (Mathur 2000 , Wang & Zhang 2007 and could be young Sy 1s (Botte et al. 2004 ).
Even though NLS1s have been known for almost more than 20 years, it is still not clearly understood what NLS1s are in the context of the current AGN unified model (Nagao et al. 2001 ).
One of the interesting observational facts connected with NLS1 is that in their spectra a strong Fe II emission is present. It was shown by Boroson & Green (1992) that a strong anti-correlation between the strengths of the [OIII] and Fe II line intensities exists in the optical spectra, where NLS1s are showing the strongest Fe II and weakest [OIII] emission.
The observed line widths and absence of the forbidden emission suggests that the Fe II lines are formed in the dense broad-line region (BLR), but photo-ionization models cannot account for all of the Fe II emission. The 'Fe II discrepancy' remains unsolved, though models which consider non-radiative heating with an overabundance of iron are promising (Joly 1993 , Collin & Joly 2000 . Also Mathur (2000) proposed that the strong Fe II emission observed in NLS1s may be connected with their large accretion rates and that a collisional ionization origin of Fe II is possible.
Here we report 3D spectroscopic observations of Mrk 493. The aims of the observations were (i) to investigate the characteristics of the Fe II emitting region and possible their connection with other emitting regions (Hα, Hβ, [OIII] , ...) and (ii) to map the circum-nuclear emitting gas in this type of AGN. In this paper we accepted a distance to pc at the galaxy distance.
Observations and data reduction
The observational data were obtained at the prime focus of the Russian 6-m telescope of the Special Astrophysical Observatory (SAO). The central region of the galaxy was observed with the MultiPupil Fiber Spectrograph (MPFS). MPFS (Afanasiev et al. 2001 ) takes simultaneous spectra from 256 spatial elements (constructed in the shape of square lenses) that form on the sky an array of 16 × 16 elements with the angular size 1 arcsec/element.
Bundle of 17 fibers placed on the distance about 3.5 arcmin from the lens array provides the night-sky background spectra simultaneously with object's exposition. We have observed The spectra were reduced using the IDL-based software developed at the SAO RAS, and the data reduction sequence is briefly described in Moiseev et al. (2004) . Namely, the primary reduction included bias subtraction, flat-fielding, cosmic-ray hits removal, extraction of individual spectra from the CCD frames, and their wavelength calibration using a spectrum of a He-Ne-Ar lamp. Subsequently, we subtracted the night-sky spectrum from the galaxy spectra. We corrected the effect of differential atmospheric refraction (offset shifting of galactic images at different wavelengths) by using the algorithm similar to described by Arribas et al. (1999) . The data reduction result in a data cube in which a spectrum corresponds to each image 'spaxel' 1 in two-dimensional field 16 × 16 arcsec. The seeing values shown in Table. 1 were estimated from the MPFS observations of stars right before the object observations. Here we fitted by 2D Moffat function the stars images in their data cubes.
Additionally we observed broad-band direct images of the galaxy in the filters B,V and R C with the focal reducer SCORPIO (Afanasiev & Moiseev 2005) . The seeing was 1.3 arcsec, the total expositions were 400 sec in B and 360 sec in V and R C bands, respectively.
These images seem slightly deeper than POSS and SDSS archival data, we confidently detected outer low-brightness grand-design structure in this barred galaxy (Fig. 1 Also, we found that the continuum slope and the Hα/Hβ line flux ratio is changing across the circum-nuclear region (an example is shown in Fig. 3 ). It indicates (as well as the dimension of the continuum source, see Fig. 2 ) that the contribution to the continuum is coming not only from the nucleus, but also from the circum-nuclear region. The blue bump (see Fig. 3 ) in the continuum flux may be caused by the UV-radiation from an accretion disk or by the violent star-formation in the circum-nuclear ring. Note that a similar effect can be caused by the different dust absorption (inartistic reddening) across the central part.
Fe II emission region in Mrk 493
As it can be seen in Table 1 , 3D spectra of Mrk 493 were observed in two epochs, in 2004 and 2007 . Consequently, first we were looking for the line/continuum changes between these epochs. To do that, we found a summary spectra for both epochs around the central part. To avoid errors caused by procedure of spectra elaboration (flux calibration, different number of spaxels taken in summary spectra in different epochs, etc.) we normalized both spectra on the maximal intensity of the Hβ line. In Fig. 4 , we presented the normalized spectra to the maximal intensity of the Hβ line. As it can be seen in Fig. 4 , there is no significant difference between the spectra (in the lines and continuum) observed in these two epochs (a three-year period). Only, a slight difference can be noted in the He IIλ4686Å wavelength range (see Fig. 4 , down), that is probably caused by changing in this line.
A marginal difference between the spectra (see Fig. 4 down, for λ <4750Å) is caused by different spectral resolution (see Table 1 ). Note here that Klimek et al. (2004) There are several ways to fit Fe II template (red and blue shelf, see e.g. Boroson & Green 1992 , Popović et al. 2004 , Veron et al. 2006 To constrain the number of fitting parameters, we assumed:
(i) all Fe II lines are coming from the same emitting region, therefore the widths (W ) and shifts (d) of the Gaussians representing the lines are the same;
(ii) the line intensities within one transition defined by low level configuration have been connected with the relation (Kovačević et al. 2008) :
( 1) where I 1 and I 2 are intensities of the lines with the same lower level of a transition, λ 1 and λ 2 are line transition wavelengths, g 1 and g 2 are corresponding statistical weights, and f 1 and f 2 the oscillator strengths, E 1 and E 2 are energies of the upper level of transitions. Also, we used low resolution spectra to fit (with the same sum of Gaussian functions) the Hα and Hβ lines. We were able to find a good and consistent fit (having the similar parameters for corresponding Gaussian function in both lines) using three-Gaussian fitting (see Figs. 5 and 6). Two Gaussian model for broad Hα and Hβ cannot properly fit the lines profiles, since there are far wings in these lines (especially in Hα, see Fig. 6 ).
Moreover, a F-test shows that the three Gaussian assumption is statistically better than the two Gaussian one. Note here that often three regions in AGN have been considered (see e.g. Sulentic et al. 2000) . Consequently, we fitted Hα and Hβ with three Gaussian functions, aiming that the parameters of Gaussian for the same spectrum (obtained from one spaxel) have similar values for both lines (fitting the spectra observed in 2007). Note here that recently Hu et al. (2008a) reported that the BLR of AGN is composed from two emitting regions.
We were able to fit the emission lines from 16 and 21 spaxels of high (observed in 2004) and low (observed in 2007) resolution spectra, respectively. In both cases, we selected only spectra around the center where in each of them the Hβ or/and Hα can be decomposed into three components (broad -W B , intermediate W I and narrow W N LR ) and where the signal-to-noese ratio was enough good that the far wings are well defined. The parameters of the best fit of spectra from each spaxel are given in Tables 2-4. In Table 2 -3 the parameters of the best fit for 16 high resolution spectra are presented. As it can be seen from Tables 2-3, the obtained parameter values for different spaxels are consistent, and differences between a parameter from different spaxels is probably caused by the accuracy of the fitting procedure. The same is in the case of the low resolution spectra ( i.e. they conclude that Fe II emission come from a photoionized region several times larger than the Hβ one, or from gas heated by some other mechanism (not by photoinozation).
Moreover, Hu et al. (2008b) Fe II emission toward to red around 400 km/s.
The source of ionization of the NLR of Mrk 493
In order to identify the nature of the gas ionization source in Mrk 493, we constructed diagnostic diagrams using the narrow emission-line intensity ratios. In Fig. 8 
The circum-nuclear ring
As it can be seen in Fig. 1 , in the central part of the Mrk 493, a circum-nuclear ring of star-formation is present, already mentioned by Deo et al. (2006) , see also new HST/ACS observations in the UV domain (Muñoz-Maríne et al. 2007 ). As it can be seen in Fig. 1, this is a prototypical galaxy with a strong large-scale bar with leading edge dust lanes feeding a central nuclear ring and a grand-design spiral toward the center. From the HST images, it can be seen a presence of multiple dust spiral arms outside the nuclear ring.
Note here that the radius of the ring (0.6-0.8 arcsec corresponding 350-500 pc) is under the spatial resolution of our MPFS data, but there is also an extensive continuum emission (elliptical shape, see Fig. 2 ) that is probably coming from emission gas around this ring.
All properties of the ring (its size, location inside the strong bar, morphology of dust lanes) indicate the resonance origin of this structure. It seems to be a nuclear ring formed near the Inner Lindblad Resonance (ILRe) of a large-scale bar (see Buta & Combes, 1996 for details). According to the common point of view a large-scale bar efficiently drives gas from the outer disk into the inner region where the gas flow stops near the ILRe where the powerful starburst are commonly observed (for instance, see review by Jogee 2006).
We roughly estimated the total rate of starformation in the circum-nuclear region using the formula from Kennicutt (1998) which connects the SFR with the Hα luminosity (L Hα ).
From MPFS data we estimated the L Hα = 6.7 × 10 41 erg s −1 in the aperture radius of 2.5
arcsec. This luminosity corresponds to SFR=5M ⊙ /yr. Of course, the total L Hα includes also the nuclear AGN contribution and therefore the SFR value is overestimated. In Table   4 , we give the estimated contribution of the broad Hα component (and intermediate one) to the total flux of Hα (columns 7 and 8) and as it can be seen from Table 4, around 40% of Hα is emitted in the narrow Hα line. Consequently, it can indicate the SFR=2M ⊙ /yr, that is unusually large for such compact region (less than one kiloparsec in the diameter).
In a such system it is interesting to see the spectra further from the centra. Even we have very weak spectra outside 3"x3", we were able to see the weak Hα and Hβ lines in the spaxels located at 4" from the center (Fig. 8, upper panel) . In Fig. 8 (upper panel) we showed the spectrum extracted from three spaxels: at the center ((0,0) -top), 2" far from the center ((0,2) -middle) and 4" far from the center ((0,4) -down). To compare these three spectrum, the last two spectra are magnified by 3 and 27 times, respectively.
Although the spectra at (0,4) is very noisy we were able to compare the Hα line profile from this spectrum (solid line in Fig. 8 , panel bottom) with the two closer to the center (dashed and dashed-doted line for spectra from 0" and 2", respectively -see Fig. 8 panel   down) . Also, we normalized the Hα lines to one. As it can be seen from Fig can be explained with a model that contains massive starburst (SB) plus an AGN (see e.g. Lípari & Terlevich 2006, etc.) . The SB+AGN can lead to large scale expanding supergiant shells (see e.g. Lípari et al. 1994 , Lawrence et al. 1997 , Canalizo et al. 1998 , Lípari & Terlevich 2006 . In the case of Mrk 493, it might be that the Fe II lines are also formed in the gas located in (or around) the ring. The question is why the Fe II lines are broad around 800 km/s? Note here that bloated stars extended envelopes are similar, in many ways, to the low density gas. Close to the center they will show typical BLR spectrum and further away a typical NLR spectrum (Netzer 2006) . Since violent star formation processes are in the central part of Mrk 493, and our analysis of ionizing diagrams shows that the ionization source is only thermal, we can not exclude a possibility that the star formation process is the main mechanism of radiation in the center of this galaxy. Moreover, the active star formation-regions have been found in Seyfert galaxies (see e.g. Davies et al. 2004 Davies et al. , 2007  
Conclusion
In this paper we report the 3D spectrophotometric observations of the Mrk 493. From our investigation we can give the following conclusions: (ii) It seems that the strong Fe II emission is not coming from the BLR (W BLR ∼2000 km/s), but from a region with velocity dispersion around 800 km/s. This is in an agreement with some earlier investigation given by Popović et al. (2004) spaxel -middle and from 4" from the center, (0,4) spexel -down. The spectrum from spaxel (0,2) was multiplied with factor 3 and spectrum from spaxel (0,4) with factor 27. Down:
The Hα lines are normalized to one from these three spectra: central spexel (0,0) -dashed line, spaxel (0,2) -dashed-doted line, and spaxel (0.4) -solid line. 
